Magnetic diffusion through a spatially periodic assembly of metal conductors yields a large amplitude, quasi-static pump for use in free-electron lasers. The experimental observations are compared with predictions of a 2-D triangular mesh, finite difference magnetic diffusion code (TRIDIF).
INTRODUCTION
The relativistic electron beam of a magnetically pumped freeelectron laser is subjected to two external fields: a uniform, axial magnetic field which guides the beam, and a transverse, quasi-static, periodic magnetic field which causes stimulated Compton' or Ramans scattering in the drifting electrons.
The-two fields are produced independently of one another and are driven by separate power sources. Typically, the guiding. field is furnished by a solenoid, and the magnetic "wiggler" field is obtained by passing current through helical windings',.SI, 7 , or through a series of metal rings' inserted in the solenoid and surrounding the electron beam. In order to achieve interesting levels of coherent radiation in the millimeter or submillimeter range of wavelengths, one must strive for large wiggler amplitudes B and small wiggler periodicities Z. The simultaneous requirement of a large B 1 and a small Z is technically difficult, and the largest value of the ratio BI/ achieved to date is -800G/cm with 0.6<< 3.2cm. In section II below we describe a novel type of "diffusive" wiggler' which is simple and efficient. Orily a single power source is needed to generate both the guiding magnetic field and the transverse wiggler field.
II. EXPERIMENTS AND COM-TUTATIONS
As is illustrated in Fig. 1 , the relativistic electron beam
propagates down a drift tube surrounded by a solenoid containing a periodic assembly of copper rings 1 0 separated by electrically insulating rings.
If the current through the solenoid is time varying, then the solenoid field will diffuse gradually through the copper rings, but will quickly penetrate the insulating rings.
This will give rise to a spatially modulated magnetic field in the region of the electron beam. We present here the results of detailed experimental studies and numerical computations of the temporal and spatial distribution of magnetic fields in our diffusive wiggler pump.
The experiments were carried out using a 92cm long, 3OmH solenoid having 25 turns per centimeter length, and able to accomnodate rings with a maximum radius of 3.3cm. The solenoid is powered by a 3.75mF capacitor bank which can be charged to a.maximum of 4kV, giving a peak current of 720A.-The current pulse through the solenoid is a half sine wave of frequency 16Hz, and is measured using a 0.010n resistive shunt.
Both the radial and axial magnetic fields are measured for a variety of ring periodicities t, and ring radial wall thicknesses W. The fields are measured using a gaussmeter and Hall effect probes. The probe elements are approximately 2mm square in a plane perpendicular to the field, and extend less than 0.05mm along the field. Since the-fields vary on the scale of a few centimeters, spatial averaging of the fields due to the finite probe size can be neglected. The gaussmeter is able to follow the instantaneous magnetic field to within 2% at the 16Hz characteristic frequency of our system. The overall uncertainty in the measurements is approximately 5%.
To check the experimental results and then establish the scaling of the field modulation with the ring thickness W, periodicity Z and the solenoid current risetime, a 2-D triangular mesh finitedifference magnetic diffusion code entitled TRIDIF 1 1 has been used.
TRIDIF is a modification of the PANDIRA-SUPERFISH" code which The solenoid was modeled by a simple, thin, uniform current density shell located at the radius of 3.77cm. Due to the cylindrical symmetry of the ring assembly, the radial field Br is zero on axis.
Thus, for free-electron laser applications, an annular electron beam is required. Consequently, all fields were measured and computed off axis.. We have chosen a radius r=0.86cm, which repre- An experiment was also performed with an adiabatic field shaper designed to increase the transverse field modulation more gradually' at the beam injection end of the solenoid. This is readily accomplished by decreasing the thickness W of the first one (or more) rings as is illustrated in Fig. 7 . Figure 8 shows the measured and computed spatial field distributions in the vicinity of the field shaper at t=10ms. The agreement between experiment.and computations is seen to be good except for small values of z where the computed axial magnetic field Bz is larger than the measured field by about 12%. This discrepancy is due to fringing field effects neglected in the computaticns. In the experiments the axial position z = 0 shown in Fig. 8 is -7 cm from the end of the solenoid. Using this value, we can account for a discrepancy of -10%. However, this is not a serious problem, since the quantity of interest, the radial magnetic field modulation Br is predicted with good accuracy.
We see from Fig. 8 that the axial magnetic field Bz outside the region occupied by the copper rings is almost twice as large as the spatially averaged Bz inside the rings. Thus the electron gun stationed near the origin z=0 is immersed in a much stronger axial field than that occurring in the interaction region of a free electron laser system. Consequently, on entering the interaction region, the electroi beam expands radially. This causes a "cooling" of the beam (the radial electron energy decreases) and is advantageous' to the operation of the laser.
TRIDIF was next used to predict additional scaling over a wide range of ring periodicity I and wall thickness W as shown in Fig. 9 . A 15ms solenoid current risetime was used for all cases.
The time of peak field modulation was*found to vary significantly with respect to the time of peak current, with larger values of W peaking later in time than smaller values. This feature is caused by the longer time required for the field to diffuse from the outside to the inside of the thicker rings.
The predicted scaling with the solenoid current risetime T is shown in Fig. 10 for a fixed periodicity of Z=2cm. Since the optimum thickness for a given periodicity and risetime is of the order of one skin depth S=(T/Tryoa) 1 /z, smaller values of W require shorter risetimes for best performance. The dependence of this optimum on the risetime T is fairly weak, since S-Tl/z. The effects of diffusion in the coil could affect these results for thick solenoids and short risetimes.
III. CONCLUSIONS
The diffusive wiggler described above is a simple, passive system in which the pulsed solenoid provides both the guiding axial magnetic field and the transverse periodic pump field. The achievable pump amplitudes are large as can be seen from 
